Proceeding International Conference on Religion, Science and Education (2026) 5, 1545-1557

Mapping the Landscape of Chemo-Entrepreneurship in
Indonesia: A Content Analysis and Research Trend Review

Muhammad Habib Ash Shiddiqi', Rabiatul Adawiyah? Dyah Purwaningsih!

1Chemistry Education Department, Faculty of Mathematic and Science, Yogyakarta State University,
J1. Colombo Yogyakarta No.1, Karang Malang, Caturtunggal, Kec. Depok, Kabupaten Sleman, Daerah Istimewa Yogyakarta 55281.
2Chemistry Education, Faculty of Tarbiyah and Teacher Training, Sunan Doe Institute of Islamic Studies,
J1. Soekarno Hatta, Rumbuk, Kec. Sakra, Kabupaten Lombok Timur, Nusa Tenggara Barat. 83671

Corresponding author
editor@sunankalijaga.org

Abstract: Chemo-Entrepreneurship (CEP) is an innovative approach in chemistry education that integrates mastery of
scientific concepts with entrepreneurial skills to foster students’ critical, creative, and productive thinking abilities. This
study aims to map the development and research trends related to CEP in Indonesia and to analyze the direction of
chemistry learning model development that combines conceptual, practical, and economic value aspects in the teaching—
learning process. The method employed is a Systematic Literature Review (SLR) combined with descriptive content and
bibliometric analyses of 287 articles published during 2016-2023, analyzed following PRISMA guidelines and visualized
using VOSviewer. The analysis results indicate a significant increase in publications since 2016, with a primary focus on
learning outcomes, creative thinking skills, life skills, and entrepreneurial interest. The dominant research designs are
experimental and Research and Development (R&D), oriented toward the development of modules, e-worksheets, and
digital-based learning media applied to various chemistry topics such as colloidal systems, buffer solutions, acids and bases,
and hydrocarbons. The review shows that CEP implementation can enhance students’ conceptual understanding, higher-
order thinking skills, scientific creativity, and the ability to transform chemistry concepts into product innovations with
economic value and social benefits. Moreover, CEP helps students understand the relationship between chemical theory and
real-life production processes, thereby improving learning motivation and positive attitudes toward science. Nevertheless,
studies on non-cognitive aspects, such as collaboration, scientific attitudes, and entrepreneurial character, remain limited, as
do research employing mixed-method or longitudinal approaches. Research publications are still concentrated in a few major
universities and predominantly in national journals, indicating the need to expand collaboration, diversify methodologies,
and intensify international publications to strengthen CEP’s contribution to innovation in chemistry education in Indonesia.

Keywords: Chemo-Entrepreneurship; Chemistry; Systematic Literature Review.

Introduction traditional learning is often inadequate to meet the
increasingly complex needs of the workplace
In this era of globalization and rapid technological (Burns, 2020; Harry, 2003). Therefore, innovative
development, chemistry educationfaces the approaches such as Chemo-Entrepreneurship
challenge of not only teaching scientific concepts, (CEP) have emerged as a solution, combining
but also preparing students for the real world and  heoretical concepts with practical entrepreneurial
an increasingly competitive job market (Eilks &  gkjlls (Ismulyati & Ikhwani, 2018; Wijayati &
Hofstein, 2015a; Roehrig et al., 2007a). Therefore, Rengga, 2009)
chemistry education plays an important role in Chemo-Entrepreneurship (CEP) is a learning
equipping students with a deep scientific strategy that integrates chemistry knowledge with
understanding, as well as practical skills that can entrepreneurial skills, providing students with
be applied in various industrial sectors and  real-world experience in understanding the process
everyday life (Irwanto et al, 2017). However,  of processing raw materials into products of
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economic value and fostering an entrepreneurial
spirit (Asmorowati, 2009; Lestari & Premono, 2019)
This approach aims to increase the relevance of
chemistry learning to everyday life and the
industrial world (Kusuma & Kurniati, 2009; S. S.
Sumarti et al., 2018) In addition to focusing on
understanding concepts, CEP also
develops students' abilities to identify business
opportunities, innovate, and create chemistry-

chemical

based products that have economic value (Anwar
et al., 2012).
Based on previous the Chemo-

Entrepreneurship approach has been proven to

research,

have a positive impact in various aspects of
learning. Several studies show that the application
of this approach can
achievement, life skills, and foster interest and

improve academic
motivation for entrepreneurship among students
(Ismulyati & Ikhwani, 2018; Wijayati & Rengga,
2009). Recent research results also indicate that the
integration of Chemo-Entrepreneurship with
interactive technology, such as the use of Android-
based applications, has received positive responses
from students and educators. This innovation not
only enriches the learning experience but also
strengthens the relevance between chemistry
concepts and the world of work and
entrepreneurship (Kurnia et al., 2022).

The integration of CEP with various learning
models, for example in the topic of colloidal
systems, shows positive results and makes it easier
for students to understand the conversion of raw
materials into products (Ismulyati & Ikhwani, 2018;
Ni‘mah & Suwardi, 2023) In addition, the CEP
module has been proven to be effective and valid
for high school and university students (Arfin,
Latisma, & Oktavia, 2018; Pinta et al., 2018), as well
as enhancing students' creativity and innovation,
as evidenced by the improvement in their life skills
(Kusuma & Siadi, 2010).

The importance of integrating entrepreneurial
values into chemistry education is also in line with
the concept of academic entrepreneurship, which
emphasizes the role of universities as centers for
developing innovations that have
commercialization potential and social impact
(Guindalini et al., 2021a). Through this approach,
universities function not only as institutions of

education and research, but also as incubators of
ideas and solutions that can be applied in the
industrial world. In this regard, the Chemo-
Entrepreneurship Program (CEP)
important role as a bridge between the chemistry
theory taught in the classroom and its practical
application in real life. This approach helps
students understand the relevance of chemistry to
the needs of industry and the world of work, while
fostering innovative skills and an entrepreneurial
orientation (Brown et al, 2010; Nwakaego &
Kabiru, 2015a).
Although the

plays an

Chemo-Entrepreneurship

Program (CEP) shows great potential in
developing students' scientific skills and
entrepreneurial spirit, research on its

implementation, learning approaches, and impact
on learning outcomes is still scattered and not yet
integrated. Therefore, a systematic literature
review is needed to combine various previous
research findings, identify the direction and trends
of studies that have been conducted, and provide a
comprehensive understanding of the effectiveness
of CEP in chemistry education, especially in
improving students' conceptual understanding and

entrepreneurial character.

Materials And Methods

This study uses the Systematic Literature Review
(SLR) method combined with descriptive content
analysis to examine the development of chemo-
entrepreneurship research in Indonesia. The SLR
method is an observational approach that follows
standard  guidelines for identifying and
synthesizing relevant research articles (Xiao &
Watson, 2019). Data were collected from articles
related to the topic of chemo-entrepreneurship
through the Google Scholar and Scopus databases,
published between 2016 and 2023. The article
search process was conducted using the keywords
“chemo-entrepreneurship,” “CEP,” and “chemistry
entrepreneurship.” From the selection results, 176
relevant articles were analyzed using the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) method to ensure a rigorous
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selection process and relevance to the research
topic.

In the classification process, the instrument used
was adapted from the Paper Classification Form
(PCF) by Kizilaslan et al.,, (2012). This instrument
covers categories scientific
discipline, research methods, research design, and
data analysis methods. This approach allows
researchers to identify various important aspects of
each article, such as the focus of the study, the type
of data used, and the methodological approach

various such as

applied.

To improve accuracy and efficiency in the
analysis, this study was also supported by a
bibliometric approach developed by Van Eck &
Waltman, (2014). This approach
automation in keyword grouping and analysis,
which speeds up the process of identifying
research patterns and trends. Bibliometric analysis

enables

was performed using VOSviewer software (N. Van
Eck & Waltman, 2010). to visualize bibliometric
networks and identify thematic clusters from the
analyzed articles.

By combining a structured Systematic Literature
Review method (Xiao & Watson, 2019), descriptive
VOSviewer-based
bibliometric approach, this study aims to provide a

content analysis, and a

comprehensive  overview of the chemo-
entrepreneurship research landscape in Indonesia,
including the identification of patterns, gaps, and

opportunities for further research.
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Figure 1. Article Selection Results
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Figure 2. CheChemo-Entrepreneurship VosViewer visualization
results

Chemo-Entrepreneurship ~ (CEP) is an
innovative approach to chemistry education that
combines an understanding of chemistry concepts
with the development of entrepreneurial skills.
Based on the results of network visualization
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generated by VOSviewer, CEP plays a central role
and is connected to various other important terms,
such as project-based learning, life skills, and the
application of technology in education, such as e-
worksheets and Android-based platforms. These
terms show how project-based learning and
technology integration can create more interactive
learning. This not only helps students understand
scientific concepts, such as buffer solutions and
hydrocarbons, but also develops entrepreneurial
skills and character education through a cross-
addition, the
development of learning modules that support

disciplinary =~ approach. In
CEP is one of the main concerns in efforts to
improve the effectiveness of this model in the
classroom environment.

However, from the results of this network
analysis, there are several research gaps that could
be the focus of further research. First, despite the
connection with technologies such as e-worksheets
and Android platforms, there is still a lack of
research evaluating the extent to which the use of
these digital tools can improve students' critical

thinking, creativity, and collaboration skills.
Second, although character education is an integral
part of CEP, studies examining how character
education entrepreneurship  is
incorporated into chemistry learning are still
limited. Third, the interdisciplinary approach in
CEP has not been fully explored, especially in

combining other sciences, such as economics and

related to

social sciences, into the curriculum to improve
learning outcomes. Fourth, the effectiveness of
learning modules designed for CEP is rarely
evaluated, so further studies are needed on their
impact on students' academic achievement and
entrepreneurial skills. Fifth, there is still a lack of
research examining the relationship between CEP
and the development of 21st-century skills, such as
critical thinking, communication, collaboration,
and creativity. Finally, the long-term impact of CEP
implementation on entrepreneurship outside the
school environment has not been widely discussed,
so it is important to explore how CEP can
contribute to students' career development in the
real world.

Dependent variable

Soft skills

Learning achievement
Interest in learning
Quality of learning
Entrepreneurial skills
Cognitive abilities
Soft skills

Motivation to learn
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Science Process Skills

Students' chemo-entrepreneurship abilities

Creative thinking ability
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Figure 3. Dependent variables used in the Chemo-Entrepreneurship study

Based on the results of the literature review, the
most dominant dependent variable studied in
Chemo-Entrepreneurship learning
outcomes, which appeared 14 times in the
measurements. This shows that most studies still
focus on cognitive aspects as the main indicator of

research is

the effectiveness of the learning approach.
Furthermore, creative thinking skills emerged as a
frequently studied variable (10 times), followed by
life skills (7 times) and entrepreneurial interest (6
times), reflecting efforts to link chemistry learning

with the development of 21st-century skills and an
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entrepreneurial orientation. Meanwhile, variables
such as learning motivation, conceptual
understanding, and scientific process skills appear
in more limited numbers, indicating the potential
for research development in the affective and
scientific thinking process dimensions. On the
other hand, studies on non-cognitive aspects such

as collaboration skills, scientific attitudes, and soft
skills are still relatively rare, even though these
dimensions play an important role in supporting
the formation of entrepreneurial character and
student readiness to face the challenges of a
science-based world of work.

Journal year
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Figure 3. Journal year.

Research publications related to the Chemo-
Entrepreneurship Program (CEP) have shown a
significant increase since 2016, with peak research
productivity occurring in 2019 and increasing
again in 2023. This trend indicates that the issue of
integrating  entrepreneurship into chemistry
education is gaining attention among academics
and education practitioners. This increase also
reflects a paradigm shift in chemistry education
research from a traditional focus on conceptual
aspects to a more applied, innovative, and relevant
approach to the needs of the workplace. Thus, this
consistent growth in publications confirms that
CEP is beginning to be recognized as a strategic
direction for research in supporting
entrepreneurship-based science education at the
national level.
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Figure 4. Research method

The most widely used research method in
Chemo-Entrepreneurship Program (CEP) studies is
Research and Development (R&D), with a total of
30 publications adopting this approach. The
dominance of the R&D method indicates that most
studies are oriented towards the development and
validation of learning products, whether in the
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form of modules, interactive media, or teaching
tools based on entrepreneurship.
Furthermore, quantitative research ranks second
with 22 articles, indicating researchers' interest in
empirically measuring the effectiveness of CEP
implementation through hypothesis testing and
statistical analysis. Meanwhile, classroom action
research (CAR) is recorded in 7 publications, which

chemical

generally focus on the direct application of CEP in
the classroom to improve learning
outcomes and skills. The use of mixed methods
and qualitative approaches is still relatively
limited, opening opportunities for further research
to explore contextual aspects, learning processes,
and student experiences in a more in-depth and
holistic manner.
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Figure 5. Research Design

The most dominant research designs used in
Chemo-Entrepreneurship  (CEP)
experimental designs in 19 articles and 4D
development models in 12 articles. Both designs
confirm the tendency of researchers to focus their
studies on the development of learning innovations
and testing the effectiveness of the resulting
educational products or interventions. In addition,
several studies also adopted the three-cycle model
and ADDIE development design, although the
number was relatively small. Research designs
such as Borg & Gall and case studies are still rarely
used, indicating that an in-depth exploration-based
approach to the context of CEP implementation has
not been widely developed. The dominance of
experimental and development-based
shows that the main focus of CEP studies is on
testing instructional innovations and validating
learning products, particularly those that integrate
entrepreneurial concepts in the context of
chemistry to increase the relevance, effectiveness,

studies are

research

Experiment Correlation
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and engagement of students in the learning
process.

Sample Classification

University
student; 8;
14%

Senior
High
School;
35;59%

Figure 6. Sample classification

The most commonly used research subjects in
Chemo-Entrepreneurship Program (CEP) studies
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are high school students, with a total of 33 articles.
This shows that high school is the main target in
the implementation of the CEP approach, because
at this stage, students are considered to have
sufficient abstract thinking skills to integrate
chemistry concepts with entrepreneurial principles.
Furthermore, the general (without
specification of education level) was recorded in 16
articles, while university students were the subjects
in 8 studies that generally focused on the
development of prospective chemistry teachers or

category

the implementation of CEP in the context of higher
education. Meanwhile, Madrasah Aliyah (MA) was
only recorded in 2 publications, which indicates
that the application of CEP in religious-based
educational institutions is still limited. This pattern
illustrates that CEP research is still concentrated at
the general secondary education level, while
exploration at other levels such as primary,
vocational, and higher education remains an open
opportunity for future research development.

Analysis method
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Figure 7. Analysis method

The majority of research in the Chemo-
Entrepreneurship Program (CEP) study wuses
quantitative descriptive analysis as the main
approach in data processing. This approach is
widely used to describe the results of learning
product trials, student responses, and the overall
effectiveness of program
addition, validity and reliability tests are also
frequently applied, particularly in research focused
on the development of teaching tools, to ensure the
suitability of instruments and the consistency of
measurement However,
analytical methods such as inferential statistics,
approaches, and  in-depth
qualitative analysis are still rarely used. This
limitation indicates that most CEP research still
focuses on the initial development stage and
description of results, while a more comprehensive

implementation. In

results. advanced

mixed-method

exploration of contextual factors, learning
processes, and the long-term impact of CEP
implementation still requires more attention in
further research.

Discussion

The results of the Chemo-
Entrepreneurship (CEP) research trends show that
this approach is gaining attention in chemistry

analysis  of

education in Indonesia, especially since 2016,
peaking in 2019 and 2023. This increase in
publications indicates that CEP is seen as an
important responding to the
challenges of 2Ist-century learning. The most

innovation in

frequently studied variables are learning outcomes,
thinking  skills, life skills, and
entrepreneurial interest. This shows that research is

creative

more oriented towards academic achievement and
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cognitive skills. National studies support these
findings, such as the research by Ismulyati et al.,
(2018) and S. Sumarti et al., (2016), which show that
CEP can improve student learning outcomes and
entrepreneurial interest. However, non-cognitive
communication, attitude,
collaboration, and soft skills are still rarely studied.
In fact, international research shows that these
aspects play a major role in linking science
education to work readiness. Brown et al. (2010)
emphasize that the integration of entrepreneurship

variables such as

in chemistry strengthens students' collaborative
and problem-solving abilities, while Guindalini et
al., (2021) highlight the importance of an academic
entrepreneurial ecosystem that encourages cross-
disciplinary innovation.

From a methodological perspective, the
majority of studies use quantitative descriptive
analysis, focusing on the validity and reliability of
teaching tools (Arfin, Latisma et al., 2018; Lestari et
al., 2019), Research using longitudinal, mixed-
method, and in-depth qualitative approaches is
still very limited. This is a research gap, as the
long-term effectiveness of CEP on entrepreneurial
skills and work readiness has not been empirically
proven. In contrast, international studies use more
diverse methodologies. Roehrig et al., (2007)
examined curriculum implementation using a
approach, (2020)
emphasized the importance of qualitative research
in understanding lifelong learning. The most
productive institutions in CEP research are Malang
State University, followed by Surabaya State
University, Padang State University, and UIN
Sunan Kalijaga. This research concentration shows
the existence of research clusters at certain
universities, but CEP research is still not evenly
distributed nationwide. This indicates the need for
cross-institutional collaboration so that CEP
implementation can be expanded to various
regions. In terms of publications, most CEP
research is published in national journals such as
the Journal of Science Education and the
Indonesian Journal of Science Education (S.
Sumarti et al., 2016). Contributions to international
journals are still minimal, so global recognition of
the CEP model is still limited. Publication in
international journals will strengthen Indonesia's

longitudinal while Burns

position in the global science education discourse
(Nwakaego & Kabiru, 2015).

Most research on the Chemo-Entrepreneurship
Program (CEP) employs experimental designs and
4D model development to produce innovative
learning tools such as modules, e-worksheets, and
digital teaching materials integrated with
entrepreneurship-oriented  chemistry learning
(Fitriyani & Suprihatiningrum, 2024; Pinta et al.,
2010). This pattern indicates a strong orientation
toward instructional innovation and product
validation, emphasizing the practical development
of learning resources rather than theoretical
policy
evaluations, and cost-benefit analyses remain

exploration. However, case studies,
relatively uncommon, suggesting that the broader
systemic and economic implications of CEP have
not yet been thoroughly explored. According to
Ni‘'mah et al, (2023) future studies should
incorporate longitudinal and evaluative
approaches to assess the sustainability and long-
term effectiveness of CEP implementation. This
aligns with international perspectives; for instance,
Liguori & Winkler, (2020) in Entrepreneurship
Education and Pedagogy emphasize the importance
of conducting long-term  evaluations in
entrepreneurship education to measure the lasting
impact of curricular interventions on alumni career
development and entrepreneurial engagement.
Research and Development (R&D) dominates,

followed by quantitative research and classroom

action research. This is relevant for the
development of teaching tools, but limits
methodological ~ perspective  variation. In

comparison, research by Lackéus, (2018) shows
that the use of action research in entrepreneurship
education can be more effective in understanding
the dynamics of project-based learning. Therefore,
developing CEP research with action research,
mixed methods, or long-term evaluation will
enrich our understanding of its effectiveness. The
majority of research subjects focus on high school
students, followed by university students and the
general category. This is logical because high
school is an important phase in the formation of
life skills and career orientation.
international research such as FEilks & Hofstein,
(2015) emphasizes that the integration of

However,



Ash Shiddiqi et al. — Mapping the Landscape of Chemo-Entrepreneurship in ... 1553

entrepreneurship into the science curriculum
should begin in elementary school so that 21st-
century skills are instilled more strongly from an
early age. Research at the university level is also
still limited, even though the potential for applying
CEP in higher education and vocational education
is enormous, especially in supporting chemistry-

based innovation and start-ups.

Chemo-Entrepreneurship (CEP) and Integrated
Learning Models

The integration of Chemo-Entrepreneurship (CEP)
with various innovative learning models is a new
direction in modern chemistry education. CEP, as
an approach that combines chemistry concepts
with
relevant when collaborated with active learning

entrepreneurial values, is increasingly
models such as Project-Based Learning (PjBL),
Problem -Based Learning (PBL), Inquiry-Based
Learning, Laboratory-Based Learning, and the use
of digital technology in 2lst-century learning.
According to Sitompul et al., (2024), the integration
of the PjBL model with the CEP approach has been
proven to improve students' understanding of
chemistry concepts and foster their interest in
entrepreneurship. In this model, students not only
learn scientific concepts but are also directly
involved in projects to create simple chemical
products that have market value. This approach
strengthens critical, collaborative, and creative
thinking skills as students are encouraged to
design, create, and market the results of their
chemistry experiments in real life.

Maulida & Kamaludin, (2024) emphasize the
importance of integrating CEP with digital
technology, for example through the development
of e-modules based on digital flipbook makers that
contain material on chemical bonds. Their research
results show that the application of CEP-based
digital media not only increases student motivation
to learn but also expands access to interactive and
engaging learning resources. Similar findings were
reported by (Holivvarni et al, 2022), who
developed a CEP-based chemistry e-module on ion
equilibrium and salt solutions. The module was
proven to be valid and suitable for use, while also
motivating students to relate chemistry concepts to
entrepreneurial ideas based on chemical products.

In addition to digital technology integration,
Ramlah, et al., (2023) added that the development
of CEP-based learning modules on colloid material
can improve learning outcomes and
entrepreneurial spirit among students. This is in
line with the views of Aslam, et al (2024), who
reviewed the Project-Based
Learning in chemistry education. They concluded
that the PjJBL model creates connections between
theory and practice that are in line with the CEP
philosophy namely, learning that is relevant to the
real world, results-oriented, and fosters the ability
to produce products. Thus, integrating CEP with
various project-based, problem-based, laboratory-
based,
models is a

foster

effectiveness  of

and digital technology-based learning
strategic step
chemistry learning that not only understands

toward creating

scientific  concepts but also fosters an
entrepreneurial spirit, critical thinking skills, and
industrial

readiness to face science-based

challenges in the modern era.

The Role of Chemo-Entrepreneurship (CEP) Based
on Variables

The results of the Systematic Literature Review (SLR)
indicate that the role of the Chemo-Entrepreneurship
Program (CEP) in chemistry education can be
identified through several key variables, including
entrepreneurship skills,
motivation, experimental innovation, and learning
outcomes. These variables serve as essential
indicators for evaluating the effectiveness of CEP
implementation across different levels of formal
education, both at the secondary and tertiary
levels.

Ramlah et al. (2023) found that the use of CEP-
based e-modules in colloid topics not
significantly =~ improved  students’” learning
outcomes but also fostered their entrepreneurial
interest in chemistry-based products. Similarly,
Maulida and Kamaludin (2024) reported that
integrating CEP into digital flipbook e-modules
enhanced students’ learning motivation and
created a more contextual and meaningful learning
experience. Holiwarni et al. (2022) highlighted the
contribution of CEP in developing students’
creative thinking and experimental skills through
project-based learning activities. In line with these

chemical learning

only
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findings, Sitompul et al. (2023) emphasized that the
application of the Project-Based Learning (PjBL)
model combined with CEP strengthens students’
analytical and problem-solving
addressing real-life situations.
From an international research perspective,
Aslam et al. (2024) assert that the Project-Based
Learning approach effectively bridges the gap
theory
particularly when combined with

abilities in

between and practice in chemistry
education,
entrepreneurship-oriented frameworks such as the
Chemo-Entrepreneurship ~ Program  (CEP).  This
integration has been shown to enhance students’
higher-order thinking skills, creativity, and
innovative orientation.

The findings suggest that CEP plays a strategic
role in developing several key variables within
students’

learning outcomes, (2) strengthening learning

chemistry learning: (1) improving
motivation, (3) fostering entrepreneurial interest
and skills, and (4) encouraging innovation in
experimental and laboratory activities. However,
further

mixed-method designs is

research employing longitudinal and
recommended to
measure the long-term impact of CEP on students’
entrepreneurial competence development and

career readiness in the future.

The Future Prospects of Chemo-Entrepreneurship
(CEP) in Chemistry Education

The future prospects of Chemo-Entrepreneurship
(CEP) in chemistry education are very promising
because this approach is in line with the 21st-
century education paradigm that emphasizes the
development of collaborative, innovative, creative,
and solution-oriented skills to address global
issues. Several promising directions for CEP
development include improving student skills,
integrating digital technology, developing a
chemistry entrepreneurship curriculum, and
opportunities for further research.

First, CEP has the potential to improve students'
21st-century skills, particularly in critical thinking,
collaboration, creativity, and communication (4C).
Through CEP-based project activities, students not
only understand chemistry theory but also learn to
design products, manage production processes,
and understand the economic value of

experimental results. Ramlah et al. (2023)
emphasize that the CEP approach fosters an
entrepreneurial spirit and ecological awareness
through the use of environmentally friendly
chemicals, providing students with a holistic and
applicable learning experience.

Second, from a technological perspective, CEP
can be further developed through the use of digital
media such as e-learning, mobile applications, and
virtual laboratories. Maulida and Kamaludin (2024)
show that flipbook-based e-modules provide a
more engaging, interactive, and efficient learning
experience. The integration of digital technology
also enables the implementation of CEP in distance
learning and hybrid learning.

Third,
perspective, CEP has the opportunity to be

from a curriculum development
integrated into the national curriculum as part of
applied science and STEM (Science, Technology,
Mathematics)-based
entrepreneurship education. Sitompul et al., (2024)
emphasize that CEP
interdisciplinary learning model that combines

Engineering, and

can be used as an
chemistry, economics, and character education to
produce graduates who are competitive in the
Fourth,
opportunities for further research are wide open.

world of industry and research.
Holivvarni et al., (2022) suggest further studies on
the effectiveness of digital-based CEP on students'
critical thinking and product innovation skills. In
addition, Aslam et al. (2024) recommend
longitudinal research to assess the extent to which
the implementation of CEP affects the
sustainability =~ of  students' interest in
entrepreneurship in the real world.

Thus, the future prospects of CEP in chemistry
education are not only focused on improving
academic outcomes, but also on developing
entrepreneurial ~ character, innovation, and
readiness to face science-based industrial
transformation in the digital age. The integration of
CEP with technology, interdisciplinary curricula,
and applied research will make chemistry
education more relevant, adaptive, and globally
competitive.
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Conclusions

Chemo-Entrepreneurship (CEP) has proven to be
an innovative approach capable of bridging
chemistry with 21st-century
entrepreneurial skills. A systematic review shows

learning

that CEP not only improves students' learning
outcomes, creativity, and life skills but also fosters
entrepreneurial interest through the integration of
project-based learning, module development, and
the use of digital technology. However, research
remains dominated by R&D methods and small-
scale experiments, with a limited focus on specific
topics,
publications. Emerging research gaps include the
lack of longitudinal studies,
integration, comprehensive evaluation of digital

specific  institutions, and national

interdisciplinary

technology, and analysis of the long-term impact
on students' entrepreneurial careers. Therefore,
CEP has great potential for broader development
as a relevant, adaptive, and globally competitive
learning model. To optimize its impact, further
research is needed that prioritizes methodological
diversification, cross-disciplinary collaboration,
and synergy between education, industry, and the

entrepreneurial ecosystem.
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